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Abstract. We have investigated properties of photospheric Bright Points (BPs) 
observed in an Active Region during its decay phase and in a quiet Sun re- 
gion. We have analyzed two sets of photospheric observations taken with IBIS 
(Interferometric Bidimensioal Spectrometer) at the NSO Dunn Solar Telescope. 
The first set consists of spectral data acquired in the Fe I 709.0 nm and Ca I 854.2 
nm lines and simultaneous broad-band and of G-band observations. The second 
set consists of spectro-polarimetric observations in the Fe I 630.15 nm - 630.25 
nm doublet and simultaneous white light and G-band observations. 
The relation between BP filling factor and RMS image contrast indicates that, 
on average, BPs cover up to 3% of the solar surface outside Active Regions. The 
relation between area and intensity values of the features identified on both data 
sets suggests that they are composed of aggregations of magnetic flux elements. 
The horizontal velocity values are as high as 2 km/s, thus supporting the scenario 
of BPs motion contributing to the coronal heating. 
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1. Introduction 

Bright Points (BPs) are small scale features 
(diameter less than 300 km) corresponding 
to areas of kilogauss fields. They are nu- 
merous in active regions and near sunspots, 
but are ubiquitous in the solar photosphere. 
The BPs result from processes involving 
the interaction of magnetic fields with con- 
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vective unstable hot plasma. Their mo- 
tion can excite Magneto Hydro Dynamic 
(MHD) waves and trigger the occurrence 
of nano-flares. Both these processes could 
contribute significantly to the heating of 
the upper solar atmosphere. 

The aim of this study is to investi- 
gate the velocity distributions of photo- 
spheric BPs, the relation between their fill- 
ing factor and Root Mean Square (RMS) 
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image contrast, and the evolution of differ- 
ent BP characteristics. We present results 
obtained by analyzing two high spectral, 
spatial and temporal resolution data sets 
imaging AR10912 and a quiet Sun region. 



2. Observations 

The data analyzed in t his study were 
acquired with the IBIS (|Cavallinil |2QQ6[ ) 
at DST/NSO on 2006, October 2^^ and 
November 21^^. Data sets consist of two 
time sequences of spectral data, spanning 
about 70 min the first and 41 min the 
second, respectively. The simultaneous G- 
band observations cover approximately the 
same FOV of the spectral data, but with 4 
times smaller pixel scale. The Field of View 
(FOV) images AR10912 at its decay phase 
and the quiet Sun, respectively; both re- 
gions were observed close to disk centre. 

The first sequence consists of 120 spec- 
tral scans of the Fe I 709.0 nm line; each 
scan contains 1024x1024 pixel images ob- 
tained at 29 spectral points in the line, with 
an exposure time of 80 ms and 20 s ca- 
dence. This set is complemented with spec- 
tral scans at the Ca I 854.2 nm of the same 
FOV at 39 spectral points in the line. 

The second sequence consists of 50 
spectro-polarimetric scans of the Fe I 
630.15 nm - 630.25 nm doublet; each scan 
contains 256x256 pixel images obtained at 
45 spectral points in the lines, with the 
6 modulation states I±V, I±Q, I±U; the 
data were stored with 80 ms exposition and 
89 s cadence. 

Figure [T] shows examples of the obser- 
vations analyzed in this study. The calibra- 
tion of data included dark and flat-field cor- 
rection, M ulti Frame Blind Deco nvolution 
restoring ( Van Noort et al.l l2006^ of broad- 
band images, and reconstruction of spectral 
images by re-scaling, rotating, shifting and 
de-stretching these images to their restored 
and de-stretched broadband counterparts. 
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Fig. 1. Examples of the two data sets imag- 
ing the AR (top and middle) and the quiet 
Sun (bottom) regions analyzed. Top left: Fe I 
709.0 nm line core. Top right: Fe I 709.0 nm 
line wing. Middle left: Ca I 854.2 nm line core. 
Middle right: continuum. The FOV of these 
data is 80 arcsec diameter; the spatial scale is 
0.085 arcsec/pixel. Bottom left: Fe I 630.25 nm 
line core. Bottom right: continuum. The FOV 
of these data is reduced to 50 arcsec x 50 arc- 
sec; the spatial scale is 0.17 arcsec/pixel. 

3. Method 

Small scale BPs were identified on the 
G-band images by applying the Multi 
Level Thresholdin g: 4 ( MLT4) algorithm 
(|Bovelet fc Wiehrl 120071 ) and a modified 
version of it (2-step MLT4). Both algo- 
rithms produce a binary image displaying 
the BPs identified on the segmented im- 
age. To analyze the evolution of the identi- 
fied features with time, we then applied the 
Two-le vel Structu re Tracking (TST) algo- 
rithm (|Del Moroll2004l ) on the binary im- 
ages. The 2-step MLT4 singled out 5345 
and 3120 BPs from all the segmented im- 
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Fig. 2. Examples of results obtained by ap- 
plying the BP identification algorithms on the 
G-band images of the two data sets shown in 
Fig. □ Top: data imaging AR10912. Bottom: 
data imaging quiet Sun. The BPs identified by 
2-step MLT4 algorithm are overlaid to the seg- 
mented image in white. 



ages of the quiet Sun and AR dataset, re- 
spectively. The large number of identified 
features allows us to perform a statistical 
study of the evolution of various BPs prop- 
erties, and to derive time- averaged values 
for the analyzed quantities. 

To derive an estimate of the longitudi- 
nal magnetic flux density, we applied the 
center-of-gravity method (jRees fc Semell 
Il979[ ) to the left- and right-hand circularly 
polarized signals of the Fe I 630.25 nm line 
sequence . We also applied the Differential 
Affine Velocity estimator (D AVE hence- 
forth) algorithm (|Schuckll2QQ8f ) on the mag- 
netic maps computed from the Fe I 630.25 
nm data set to derive maps of the horizon- 
tal velocity fields for the BPs singled out 
with the image processing. Examples of the 
obtained segmented features, flux density 




Fig. 3. Magnetic flux density of the quiet Sun 
analyzed region, derived from the Fe I 630.25 
nm data with the COG method. Red arrows 
represent the horizontal velocity field derived 
with the DAVE algorithm. 



and horizontal velocity maps are shown in 
Figs. [2] and H 

4. Results and Conclusions 

Figure [2] shows the results obtained by ap- 
plying the BP identification algorithms on 
the G-band filtergrams co-temporally and 
co-spatially stored with the spectral data in 
Fig. [1] (bottom panel). The BPs identified 
by the 2-step MLT4 algorithm are overlaid 
in white on the segmented G-band image. 

We found that the 2-step MLT4 algo- 
rithm allows us to identify about 50% more 
BPs than those singled out with the MLT4 
on the same image. We also found that the 
number of identified BPS increases with 
the increase of the RMS contrast. Note 
that, because of stray-light effects and 
resolution loss due to seeing effects on the 
data analyzed, the RMS values we mea- 
sured are ~ 47% and ~ 70% in quiet Sun 
and AR dataset, respectively, lower than 
the value s obtained from numerical sim- 
ulations (jTritscheler fc Uitenbroe"3 120061: 
Wedemever-Boohm fc Roup pe van der VoortI 
2009D . From the relation Number of 
features-RMS contrast deduced from 
the data analyzed, we extrapolated the 
number of BPs that would be measured 
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at the RMS contrast values obtained 
from numerical simulations. In quiet Sun 
regions we found filling factor values of 
2.3% and 2.6% from MLT and 2-step MLT 
data, respectively; while in AR region we 
found 4% and 11.6%, respectively. Note 
that the filling factor value we found for 
quie t Sun agrees with the one re ported 
by ISanchez Almeida et al.l (|2Q1Q[ ) from 
the analyses of G-band observations taken 
at better spatial resolution than our 
observations. 

We also analyzed the BP lifetime and 
the relation between intensity and area for 
the identified features. The results derived 
from the two data sets for these quantities 
show a dependence from the spatial sam- 
pling and seeing conditions of the data sets 
analyzed. We nevertheless found that, on 
average, the lifetime of features identified 
in the quiet Sun is ~ 1.5 min, which is in 
agreement with previous studies (U tz et al.l 
l2QlQl : lde Wiin et al.|[2QQ9l) . In addition, the 
relation between intensity and area derived 
from the features identified on both data 
sets suggests that the features analyzed 
are composed by aggregations of unresolved 
magnetic elements, as obta ined with simu- 
lations bvlCriscuoli fc Ra"stl (2009) (see also 
IViticchie et al.l ( 2010f ) and the discussion 
therein) . 

The horizontal velocity values derived 
with DAVE on quiet Sun follow a Gaussian 
distribution, as illustrated in Fig. SI The 
velocity values found are as high as 2 
km /s, in agr eement with those reported 
by lUtz et ahl (j2010) from the analysis of 
HINODE/SOT G-band observations. Note 
that this value supports the scenario in 
which BPs motion could impact the coro- 
nal heating. 
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Fig. 4. Horizontal velocity values derived with 
DAVE obey Gaussian distributions. 
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